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ABSTrACT
Mutton samples (m. longissimus thoracis et lumborum; LL) originating from 30 Istrian ewes were used to determine 
EZ drip loss (DL), thaw loss (TL), cooking loss (CL), and Warner-Bratzler shear force (WBSF) in relation to age at 
slaughter and different post mortem aging periods (1, 7, and 14 days). DL was measured according to the EZ method 
after storage periods of 24 and 48 h. Determination of TL, CL, and WBSF was performed for samples aged prior to 
freezing for 1, 7, and 14 days. A significantly lower TL (P<0.05) was observed in the mutton samples that aged for 1 
day (7.76%) prior to freezing compared to the mutton samples that aged for 7 days (9.91%) and 14 days (9.32%) prior 
to freezing. The WBSF revealed significant differences between the aging periods (P<0.05), indicating that mutton 
aged 7 (33.92 N) and 14 (28.23 N) days showed greater tenderness than mutton with a shorter aging period (43.89 N). 
Considering that there was no significant difference between mutton aged for 7 and 14 days in water-holding capacity 
and shear force, there is no reasonable reason for aging mutton longer than 7 days. Therefore, further research into 
shorter aging periods, the sensory quality of mutton, and its acceptability by consumers is needed. 
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In general, it is known that water-holding capacity 
(WHC) and tenderness are important meat quality 
attributes associated with consumer acceptance 
and processing technology. Poor WHC results in 
high drip from meat and meat products, which can 
represent a significant loss of weight from carcasses 
and cuts, and may affect the yield and quality of 
processed meats (WARNER, 2017). Tenderness 
is the most important attribute that affects the 
consumer acceptability and eating pleasure of meat 
products  (JIMÉNEZ-COLMENERO et al., 2016). 
Introduction
The Istrian sheep is an indigenous Croatian breed 
from the Istrian peninsula, predominately used for 
dairy production, accompanied by lamb production. 
Its meat is predominately used for production of 
specific local meat products, such as sausages 
or salami. In Croatia, as in many other countries, 
mutton is not often purchased as fresh meat. Fresh 
mutton is often repulsive to the consumers due to 
the general opinion that is tough, with excessive fat 
content, and its specific odor and aroma (CERNY, 
2012; CONSTANTINO et al., 2014). 
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Apart from the attributes mentioned, it has been 
shown that the quality of meat for consumption is 
inseparably linked to other factors, such as age at 
slaughter and the aging period. Studies on the meat 
quality of lamb and sheep have reported a decrease 
in WHC and an increase in shear force with the 
increasing the age of the animals (ALEXANDRIDIS 
et al., 2016; RANT et al., 2019). Furthermore, it has 
been shown that the process of aging is associated 
with favourable changes in meat tenderness and its 
WHC (FAROUK et al., 2012; RANT et al., 2019). 
However, the literature data related to mutton 
show that the appropriate aging period for mutton 
has not yet been determined, and information related 
to its main quality attributes is quite limited. This 
information on mutton is required for producers, 
processing technology and also for consumers in 
their decision at the point of purchase of fresh or 
processed meat. Thus, the aim of this study was to 
determine the WHC and tenderness of mutton in 
relation to the age at slaughter and different post 
mortem aging periods. 
Materials and methods
Animals, slaughtering and sampling. Altogether, 
30 Istrian ewes were involved in the study. The ewes 
were selected as animals reared in a dairy oriented, 
semi-intensive breeding environment, and they were 
culled from the flocks when their milk production 
fell below the acceptable level. The average age of 
the animals was 90 months, and ranged from 36 
to 120 months. The animals were slaughtered and 
processed according to the procedures previously 
described by KAIĆ et al. (2016). The carcasses 
were chilled at 4 °C for 24 h in a cold chamber. 
Muscle samples for analysis were taken from the 
loin (M. longissimus thoracis et lumborum - LL) of 
each left carcass side at 24 h post mortem. The LL 
was removed from cranial edge to the 12/13th rib. 
The samples were transported to the laboratory for 
further analysis. 
Analytical methods. Drip loss (DL) was 
measured according to the EZ method described 
by RASMUSSEN and ANDERSSON (1996). The 
samples for the EZ method were removed from the 
cranial part of the LL muscle. Two samples were 
taken from each slice of 25 mm thickness using a 
circular knife (Ø 25 mm). After that, the samples 
were placed in specialized EZ drip loss containers. 
Muscle samples and containers were weighed 
before and after the storage periods of 24 h (DL_24) 
and 48 h (DL_48). Before each weighing, there was 
no need to dab the muscle core samples. The EZ 
drip loss was expressed as a percentage relative to 
the initial weight. 
Determination of Warner-Bratzler shear 
force (WBSF) was performed on three samples 
subsequently removed from the LL muscle, 
following the slice taken for EZ drip loss. The 
samples for WBSF were packed under vacuum and 
stored under refrigerated conditions (at 2 °C). One 
slice of the LL sample was aged for a period of 24 h 
and then frozen at -20 °C (1 day aged samples; first 
aging, n = 30), whereas the others were stored under 
refrigerated conditions for another 7 days (second 
aging, n = 30) and 14 days (third aging, n = 30). 
At the end of the second and third aging periods, 
the samples of LL were immediately frozen at -20 
°C. After the 30 day storage period, the samples of 
LL (n = 90) were used for evaluation of thaw loss 
(TL), cooking loss (CL) and WBSF. Thawing of the 
frozen LL samples was performed under controlled 
refrigerated conditions at 4 °C for a period of 24 
h. Thawed meat samples were removed from the 
vacuum bags, dried with paper towels and weighed. 
TL was estimated as the percentage of weight loss 
of the thawed sample in relation to the initial sample 
weight. 
In order to measure CL, thawed meat samples 
were weighed, placed in polyethylene bags and 
cooked in a boiling water bath. When the endpoint 
core temperature of 75 °C was attained, the samples 
were removed from the water bath, cooled in an ice 
slurry and held under chilled conditions (4 °C) until 
equilibrated. After that, the samples were taken 
from the polyethylene bags, dried with paper towels 
and weighed. CL was estimated as the percentage 
of weight loss of the cooked sample in relation to 
the initial sample weight.
The WBSF was determined in relation to the 
cooked samples as mentioned above, using an 
Instron Universal Testing machine (Model 3345, 
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Instron, Canton, MA, USA) equipped with a WBSF 
device. Cooked samples were stored at 4 °C for 
24 h in a refrigerator. Each sample was cut into 
eight square cores (1 × 1 × 2.5 cm) parallel to the 
muscle fibers, and sheared once, perpendicular to 
the long axis of the fibers at a cross-head speed of 
250 mm/minute using a 500 Newton load cell. The 
mean value of the eight replicates was taken as the 
maximum shear force value, and was recorded for 
further statistical analysis. 
Statistical analysis. The WHC and tenderness 
of the mutton were analysed using the SAS/STAT 
software package version 9.4 (SAS Inst. Inc., 
2004). Descriptive statistics of the investigated 
traits were analysed using the MEANS procedure, 
whereas the effect of slaughter age and aging period 
were analysed using MIXED procedures. The 
best fit model for TL, CL and WBSF included the 
overall mean (μ), the linear regression coefficient 
(β) of age in months (xij), aging period (i = 1, 7, and 
14 days) as fixed effects, and the random residual 
(eij). For the evaluation of EZ_24 and EZ_48, the 
aging period as a fixed effect was excluded from 
the aforementioned model. Post hoc comparison 
between the least square means was performed 
using a Bonferroni multiple test correction. 
Differences were considered if P<0.05. 
results 
Descriptive statistics for the meat quality 
attributes of mutton are presented in the Table 1. The 
results showed that the mean value for DL_24 was 
lower than for DL_48. The effect of slaughter age 
on DL is presented in Table 2. The results indicated 
that there was no significant influence of age on DL 
measured at 24 h (P = 0.824; β = 0.001 per month) 
and 48 h (P = 0.966; β = 0.002 per month). 
The mean TL values for mutton samples for the 
three different aging periods is presented in Table 1. 
Among our samples, it is of interest to emphasize 
that a significantly lower TL (P<0.05; Table 2) was 
observed in the mutton that aged for 1 day prior to 
freezing compared to the mutton that aged for 7 days 
and 14 days prior to freezing. The TL parameter 
did not differ significantly with increasing age (P = 
0.979; β = -0.002 per month).
Table 1. Means with standard deviation (SD), 
coefficients of variation (CV), minimum (Min), and 
maximum (Max) for meat quality attributes of mutton 
(n = 30)
Attribute Mean SD CV Min Max
DL_24, % 0.57 0.486 84.82  0.01  2.06
DL_48, % 0.89 0.580 64.87  0.24  2.83
Aging 
(days)
TL, % 1 7.79 1.38 17.72  5.33 10.51
TL, % 7 9.99 1.75 17.55  6.56 15.24
TL, % 14  9.81 2.96 30.20  6.41 18.88
CL, % 1 25.07 3.42 13.66 17.22 33.15
CL, % 7 26.07 3.60 13.84 17.52 32.57
CL, % 14 25.60 4.36 17.03 19.82 43.64
WBSF, N 1 44.50 15.74 35.38 25.87 83.47
WBSF, N 7 34.46 14.73 37.35 22.10 72.98
WBSF, N 14 29.83 10.64 35.69 17.67 60.46
DL_24 = EZ drip loss after 24 h storage; DL_48 = EZ 
drip loss after 48 h storage; TL = thaw loss, CL = cooking 
loss; WBSF = Warner-Bratzler shear force. 
The mean values for CL obtained during the 
different aging periods are presented in Table 1. The 
results showed lower but insignificant CL values 
for the mutton that aged 1 day (P>0.05; Table 2) 
compared to the mutton with a longer aging period 
(7 vs. 14 days). Furthermore, it was found that there 
was no significant difference in CL between mutton 
aged for 7 and 14 days (P>0.05). The increase in 
slaughter age was not followed by an increase in CL 
values (P = 0.481; β = 0.012 per month). 
Analysing the WBSF, it was found that the mean 
value for mutton aged for 1 and 7 days was greater 
than the shear forces found for mutton aged for 
14 days (Table 1). The WBSF revealed significant 
differences between the aging periods (P<0.05), 
indicating that mutton that aged for 7 and 14 days 
showed greater tenderness than mutton with a 
shorter aging period (Table 2). The WBSF did not 
differ significantly with increasing age at slaughter 
(P = 0.107; β = 0.095 per month). 
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Discussion
The present study showed that the difference 
in mean values for DL_24 and DL_48 was 0.32%. 
This was somewhat expected, since is known that 
exudation in muscle is a complex and slow process. 
FILHO et al. (2017), and HOLMAN et al. (2020) 
also confirmed this tendency for DL to increase 
with storage period. 
Each aging, freezing and/or thawing process 
by itself, in sequence or combination, may result 
in different meat quality characteristics (KIM and 
KIM, 2017). According to KIM and KIM (2017), 
aging meat prior to freezing could improve the 
WHC of frozen or thawed meat, particularly thaw 
loss. KIM et al. (2011) investigated three different 
combinations of aging (0, 20, and 40 days) and 
freezing (90, 70, and 50 days) on beef muscle 
quality traits. They reported that the non-aged 
beef had a significantly higher TL than the aged 
beef. Furthermore, they noticed that there was no 
difference in the TL of the beef samples that aged 
longer (20 vs. 40 days). SCHULTE et al. (2019) 
investigated the influence of different aging (1, 8, 
14, 21 days) and freezing (0, 15, 22, 38, 25 days) 
periods on pork loin quality attributes. They found 
that TL increased in pork loins that aged prior 
to freezing from 1 to 8 days and 8 to 14 days, 
but decreased from 14 to 21 days. According to 
previous reports summarized by HOLLOWAY and 
WU (2019), increased TL could be due to protein 
denaturation, proteolysis during aging, chilling 
rate, and protein oxidation. 
Regarding CL, SANTOS et al. (2012) reported 
that non-aged mutton had significantly lower CL 
than aged mutton, whereas no differences were found 
between CL in mutton with a longer aging period (7 
vs. 14 day). In addition, KIM et al. (2011) found 
that non-aged beef had lower but insignificant CL 
than beef aged prior to freezing for 20 and 40 days. 
They also confirmed an insignificant difference in 
CL between samples aged 20 and 40 days prior 
to freezing. BRESSAN et al. (2001) explained 
that the greater CL of aged meat may be partially 
explained by the reduced water-holding capacity of 
aged muscle fibres, due to the disintegration of the 
protein matrix found in meat depending on natural 
enzymatic activity, which is magnified by the aging 
process. However, SCHULTE et al. (2019) found 
the highest CL in pork loins with the shortest aging 
period prior to freezing (1 day vs. 8, 14, and 21 
days). As shown in Table 2, an increase in slaughter 
age was not followed by an increase in CL values. 
This could be due to the low variation in fat content 
(data not shown), and therefore moisture content, 
which would explain the similarity in CL among 
the investigated animals. 
BIANCHINI et al. (2007) reported that the 
average WBSF values of meat with acceptable 
softness range should be below 5kg/cm2. The 
results for WBSF indicate that regardless of the 
aging period, our mutton samples on average could 
be classified as tender. However, the variation in 
the mean values that ranged from 60.46 N to 83.47 
N during different aging periods, do not allow us 
Table 2. Effect of aging period and age at slaughter on EZ drip loss (DL), thawing loss (TL), cooking loss (CL), and 
Warner-Bratzler shear force (WBSF) of mutton (LSM ± SE)
Aging Age
P-value1 day 7 days 14 days β ± SE
DL_24*, % - - - 0.001 ± 0.004 0.824
DL_48*, % - - - 0.002 ± 0.004 0.966
TL, %  7.76 ± 0.343a  9.91 ± 0.343b  9.32 ± 0.3439b  -0.002 ± 0.008 0.979
CL, % 24.80 ± 0.731 26.24 ± 0.731 25.75 ± 0.7318 0.012 ± 0.017 0.481
WBSF, N 43.89 ± 2.45a 33.92 ± 2.451b 28.23 ± 2.451b 0.095 ± 0.058 0.107
* For abbreviations see Table 1; β = regression coefficient for age in months; LSM with different letters in the same 
row significantly differ (Bonfferoni post hoc test, P<0.05).
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to generalize in this regard and must be taken into 
consideration. In agreement with our results for 
WBSF between the aging periods, ABDULLAH 
and QUDSIEH (2009) reported that the WBSF 
of longissimus muscles from Awassi ram lambs 
significantly decreased with the aging period, 
with results from 28.3 N (24 h) to 20.7 N (7 days). 
FLOREK et al. (2018) also reported that the WBSF 
of the semimebranosus muscle from commercial 
lamb meat significantly decreased during aging 
periods of two days (55.9 N) and 7 days (28.8 N). 
RANT et al. (2019) also confirmed significantly 
lower WBSF values in longissimus muscles aged 
for 14 days (43.67 N) compared to fresh, non-aged 
longissimus muscles (59.43 N) from Polish merino 
lambs. According to KOOHMARAIE (1996), the 
greater tenderness of aged meat could be associated 
with processes in the myofibrillar structure 
(proteolysis of cytoskeletal proteins, degradation 
of Z disks and some regulatory proteins) that cause 
the weakening of myofibrils and muscle relaxation, 
contributing to the improvement of tenderness. 
Although is known that with increased age/
weight at slaughter, the nature of collagen 
changes (increased level of cross-linking), and its 
solubility is reduced, leading to less tenderness 
(ALEXANDRIDIS et al., 2016), the WBSF did not 
differ significantly with increasing age at slaughter. 
The effect of the age at slaughter on decreasing 
meat tenderness was confirmed by YOUNG et al. 
(1993) in Romney lambs. It should be taken into 
consideration that the lambs in their study were 
younger and with a wider range of age than in the 
present research. The results showed that mutton 
aged for 1 day had lower TL and was tougher 
compared to mutton that was aged for longer (7 
vs. 14 days).There was no significant difference 
in water-holding capacity and shear force between 
mutton aged for 7 or 14 days. Therefore, from this 
point of view, there is no reasonable purpose in 
aging mutton for longer than 7 days. Considering 
the financial cost of aging and the final effect on the 
meat, a shorter aging period should be considered 
in further investigations. It is expected that age at 
slaughter will not notably affect the meat quality 
attributes that could be of interest to consumers. 
Considering the above, and the lack of information 
related to other eating qualities of mutton that are 
of interest for consumers (e.g. odor, aroma), it is 
important to consider further investigations. 
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SAŽETAK 
Cilj istraživanja bio je utvrditi sposobnost zadržavanja vode (gubitak mesnog soka - DL, kalo odmrzavanja - TL, 
kalo kuhanja - CL) i mekoću (Warner-Bratzler sila presijecanja, WBSF) mesa istarske ovce obzirom na dob pri 
klanju i dužinu zrenja (1, 7, 14 dana). U svrhu istraživanja sveukupno je bilo korišteno 30 uzoraka ovčjeg mesa (m. 
longissimus thoracis et lumborum; LL). DL je izmjeren prema EZ metodi 24 i 48 h post mortem, dok su TL, CL i 
WBSF utvrđeni na uzorcima mesa držanih na zrenju tijekom 1, 7 i 14 dana. Ovčje meso držano na zrenju jedan dan 
imalo je znakovito niži TL (P <0,05; 7,76%) od mesa držanog na zrenju sedam dana (9,91%) i 14 dana (9,32%). 
Ovčje meso držano na zrenju jedan dan imalo je znakovito veću tvrdoću mesa (P <0,05; 43,89 N) od mesa držanog na 
zrenju sedam (33,92 N) i 14 (28,23 N) dana. Neznatne razlike između istraživanih pokazatelja ovčjeg mesa držanih na 
zrenju sedam i 14 dana ukazuju da ne postoji opravdana svrha zrenja dužeg od sedam dana. Očekuje se da će dobiveni 
rezultati pridonijeti daljnjim istraživanjima povezanih sa kraćim zrenjem, senzorskom analizom i prihvatljivosti 
ovčjeg mesa od strane potrošača. 
Ključne riječi: ovca; sila presijecanja; gubitak mesnog soka; kalo odmrzavanja; kalo kuhanja_____________________________________________________________________________________________
